The majority of the phage-induced proteins made after T7 infection ofEscherichia coli are tightly associated with the bacterial membrane. Many of these have been identified. Selective extraction of proteins from these membranes by the detergent Sarkosyl or the chaotropic agent guanidine-hydrochloride indicated that most of these proteins are an integral part of the cytoplasmic membrane and the cell wall. No major changes in the distribution of bacterial proteins in the membrane were observed as a consequence of phage T7 infection.
Infection of Escherichia coli by virulent phages results in the suppression of most host protein synthesis and the induction of new proteins encoded by the phage (3) . A great deal of work has been done on the identification of these gene products, and many of these proteins have been isolated, and their functions have been determined. However, until recently little had been done to establish the cellular location of these proteins. Recent work on T4 and, to a lesser extent, on T5 has shown that many phage-induced proteins are associated with the host envelope (1, 4, 6, 9, 10, 14, 15, 18, 20) .
T7 is a virulent phage containing a single piece of DNA of molecular weight 2.5 x 106, or approximately one-fourth of the size of the T4 genome. Consequently, only about 30 phagespecific proteins are made. This makes the isolation and analysis of the function of these proteins easier than analysis of those induced by T4 (17) .
We find that the majority of proteins made after phage T7 infection of E. coli are tightly associated with the host membrane. Many of these proteins have been identified by dodecyl sulfate-polyacrylamide gel electrophoresis.
MATERIALS AND METHODS Bacteria and phage. Wild-type phage T7 and amber mutants am8-11, am9-17, and aml5-31 were used; these are amber mutants in genes 8, 9, and 15, respectively. These mutants were used because, when they infect the nonpermissive host, no mature phage are produced, but all proteins except for the mutant protein are made. All experiments were done with all of the mutants, but only representative experiments are shown. All experiments were carried out with E. coli B, the nonpermissive host for the amber mutants. Lysates were prepared with the permissive host E. coli 011'.
Media and growth conditions. Cells were cultured at 37°C in M9 medium (1 g of NH4Cl, 0.13 g of MgSO4, 3 g of KH2PO4, and 6 g of Na2HPO4 in 1 liter of water) containing 0.4% glucose. Where indicated, cells were irradiated with UV at 5,850 ergs/mm2 to suppress host protein synthesis. The cells were irradiated at 280 nm with shaking at 50 rpm in M9 medium in dishes prepared so that the depth of the cell suspension was 2 mm. The cells were infected with a multiplicity of 5 phage per cell. All subsequent protein synthesis is phage induced. Growth of cells and infection were carried out at 37°C.
Isolation of membranes. During the course of the study, membranes were isolated by three different methods. All the methods gave essentially the same results. In the data presented, membrane preparations were produced by procedure (i).
(i) This method is based on a previously described procedure (11) . The cell pellets were suspended in 3 ml of 0.1 M NaPO4, pH 7.0, and sonicated three times, 15 s each time at an intensity of 60, using a sonicator (Bronwill Biosonik III). The extract was centrifuged for 10 min at 5,000 x g, and the supernatant was collected and centrifuged at 100,000 x g for 18 h. The pellet from this extract was resuspended in 5 ml of phosphate buffer and centrifuged again for 18 h at 100,000 x g. The pellet is the membrane fraction. The supernatant from the first centrifugation at 100,000 x g was centrifuged again. The supernatant from this second centrifugation is called the supernatant fraction. The protein in the supernatant fractions was concentrated by precipitation with trichloroacetic acid (5% final concentration). The precipitate was washed with ethyl ether to remove the trichloroacetic acid, and the residual ether was evaporated.
(ii) Membrane vesicles were prepared using EDTA-lysozyme according to the method of Kaback (12) .
(iii) This method uses EDTA-lysozyme, in addition to freezing and thawing, to lyse the cells (19) .
Analysis of proteins by dodecyl sulfate-polyacrylamide slab gel electrophoresis. The samples were analyzed by dodecyl sulfate-polyacrylamide gel elec-trophoresis in the discontinuous slab gel system described by Studier (17) according to the procedure of Laemmli (13) . Each sample was subjected to electrophoresis on 7.5 and 12.5% gels, because these were found adequate to display almost all of the proteins. The stacking gel was 3%. Samples were dissolved in 0.0625 M Tris-hydrochloride, pH 6.8, 5% 2-mercaptoethanol, 20% glycerol, and 1 to 2% sodium dodecyl sulfate and heated for 2 min at 100°C. Approximately 50,000 cpm was applied to each slot. Electrophoresis was at 30 mA per slab for about 3.5 h. After electrophoresis, the slabs were immediately dried (7) without fixation or staining. The dried gels were exposed to Kodak NS2T no-screen X-ray film for 1 to 2 weeks. The gel of the cell extract should contain all the peptides found in both the membrane and the supernatant, since both these fractions are derived from the cells. However, several unidentified peptides appear either in the gels of the membranes or supernatant that are not evident in the gels of total cell extracts. It is possible that the concentration of these peptides in whole cells is so low that they cannot be detected but are enriched in either the membrane or supernatant portion after fractionation of the cells, and they are therefore detectable in these gels. It is also possible that these peptides are products of the proteolysis of other proteins that occurs during preparation. The peptides located above and below pl and below [p8 and p17] are found exclusively on the membranes. An unidentified peptide (or two peptides) appears in the supernatant gel above plOh, one below pO.3, and one (or two) below [p9, pl. 3, pO.7] . This last peptide is also found on membranes to a lesser extent.
RESULTS AND DISCUSSION
When present, p15 migrates on the gel between p12 and p5 and is found exclusively in the membrane (see Fig. 2 ).
Solubilization of membrane-associated proteins with guanidine or Sarkosyl. The association of proteins with the membrane can be studied by treatment with chaotropic agents or detergents. Guanidine, a chaotropic agent, presumably does not disrupt protein-lipid interactions (16) , whereas the detergent Sarkosyl selectively extracts membrane proteins without affecting those of the cell wall (8) .
Approximately 30% of the radioactivity was removed from these membranes after treatment with guanidine-hydrochloride (average of three separate experiments). As is shown in Fig. 2 , such treatment does not seem to remove many proteins, except some high-molecularweight proteins. In contrast to this, extraction ofthe membranes with Sarkosyl removes many of the high-molecular-weight proteins. Although many individual proteins are removed by Sarkosyl, very little total protein (approximately 32%, in three separate experiments) is removed because the proteins that are not solubilized make up the bulk of the total radioactivity. Under the same conditions of treatment with Sarkosyl, 72% of the protein is removed from membranes isolated from phage T4-infected cells (data not shown). The following proteins are not removed by Sarkosyl: p17, plOh, and [p9, pl.3, pO.7], and many low-molecular-weight peptides. These presumably reside in the cell wall. The other proteins that are extracted by the detergent are thus most probably associated with the inner (cytoplasmic) membrane.
Effect of T7 infection on host membrane proteins made before infection. It was of inter- est to determine whether T7 infection alters the host membrane. Membranes isolated from cells labeled during growth before infection, or from cells labeled before infection and then infected in the absence of radioactive amino acids, were compared by gel analysis. It is obvious by inspection of the gels in Fig. 3 that there is no evident major redistribution or loss of proteins from E. coli membranes as a consequence of T7 infection. Perhaps one-dimensional analysis is not sufficient to show minor changes, but certainly no major change occurs.
Identification of phage proteins associated with the DNA-membrane complex. The DNAmembrane complex from T7 am8-11-infected cells was isolated by its attachment to Mg2+-Sarkosyl crystals ("M"-band) (5) . This complex is separated from other cell components by sucrose gradient centrifugation. The 4 M, Tris-hydrochloride, pH 7.5, 50 mM, and 2-mercaptoethanol, 14 mM. The membranes were incubated for 10 min in an ice bath. (SA) To 1 ml of membranes was added 0.5% Sarkosyl, 40 mM KCl, and 10 mM potassium-EDTA, pH 7.0. This mixture was incubated for 30 min at 300C. All the membranes were spun again for 18 h at 100,000 x g in the Spinco. Each pellet was resuspended in 1 ml of 0.0625 M Trishydrochloride, pH 6.8, and centrifuged again for 18 h at 100,000 x g.The pellets were resuspended in electrophoresis buffer and subjected to polyacrylamide gel electrophoresis as described in Materials and Methods.
shown in Fig. 4 . All the membrane proteins seen in Fig. 1 are also associated with the Mband. In addition, peptides p9 and p3.5, which were not identified as membrane proteins by Fig. 1 criteria, are also found in the M-band. Previously identified membrane-associated proteins p16, pl, p5, p19, and pO.3 are not found in the top fraction of the gradient, but are exclusively recovered from the M-band.
Effect of T7 infection on membrane integrity in male and female strains ofE. coli. Host membrane permeability apparently increases after infection of male strains, which may explain the abortive infection observed (2). Effect of T7 infection on E. coli membrane proteins. 'IC-labeled amino acid mixture (0.5 pCiml) was added to a 400-ml E. coli B culture at 4 x 108/ml, and incubation was continued for 20 min at 370C. At 20 min, non-radioactive Casamino Acids (1 mg/ml) were added, and incubation was continued for an additional 5 min. At 25 min, the culture was divided in two, and one-half was immediately cooled. The other half was infected with T7 wild-type at a multiplicity of5 phage per cell, and the infection was continued at 370C for an additional 15 min. The cells were then rapidly cooled and fractionated into membrane and supernatant as described in Materials and Methods. 'Growth" indicates a culture taken before infection, and 'infection" indicates a culture that was infected for 15 
